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(From  the  Rudolph  Spreckels  Physiological  Laboratory  of  the  University  of 
California,  Berkeley.) 
In  consequence of  the  frequently observed  correlation  between 
abnormal disturbances of the growth process and pathological con- 
ditions  in  the  pituitary  body,  many  investigations  have  recently 
been carried out with a view to ascertaining the effect of adminis- 
trations of the pituitary body or portions thereof upon the time re- 
lations  and  absolute  magnitude  of  normal  growth.  Especial  in- 
terest attaches to experiments upon the effects of thd anterior lobe 
upon  the  growth of young animals,  since  in  cases  of  acromegaly 
and  gigantism  anterior  lobe  hyperplasia  is  frequently  observed.  1 
The experimental findings in these investigations have not been 
uniform, possibly  on  account of  the  wide  variety of  methods  of 
administration,  experimental  animals,  etc.,  employed by  different 
observers.  The  results  which  are  not  purely  negative,  however, 
such as those of Caselli, 2 Sandri,  3 and Schiifer,  4 appear to indicate 
that  anterior  lobe  administration  by  mouth  or  hypodermically to 
young animals  causes a  notable  retardation of growth,  5 while ex- 
* Received for  publication,  December  17,  1914. 
1 Cushing,  H.,  The Pituitary  Body and  Its  Disorders.  Philadelphia,  I912,  20. 
Caselli, A., Riv. sper.  di freniat.,  19oo, xxvi,  176, 468,  486;  cited by  Cushing, 
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perimental hypopituitarism in young animals induced by partial ex- 
tirpation of the anterior lobe produces a series of symptoms which 
furnish a  clinical picture the  reverse of  acromegaly;  6 namely, re- 
tardation of  the  growth of  bones,  a  pronounced tendency to  adi- 
posity, and sexual infantilism. 
It appeared to us to be of interest to determine the effects of the 
administration of  anterior lobe  upon  the  growth  of  carcinomata, 
both on account of the possibility held out by such an investigation 
of further confirming and elucidating the relationship of this gland 
to  growth,  and  also  on  account of  the  information which  might 
thus be derived regarding the relationship of carcinomatous to nor- 
mal growth. 
HISTORY  OF  THE  TUMORS  AND  MATERIAL  EMPLOYED. 
We  propagated  the  Flexner-Jobling carcinoma  ~ by  inoculation 
into the axillary region through two generations.  The percentage 
of  takes  was  high,  varying between  60  and  80  per  cent.  Half 
grown or  adult  animals  were  employed to  propagate  the  tumors, 
and also in the experiments enumerated below. 
Through the courtesy of the superintendent, ox pituitaries were 
obtained  from  the  Oakland  Meat  and  Packing  Company.  They 
were dissected out of the connective tissue capsule and the anterior 
lobe  was  separated,  macerated between  two  surfaces  of  ground 
glass,  and mixed with  ~  sodium chloride solution in such propor- 
tion that the final volume of the mixture was  three times  that of 
the glandular tissue.  0.4 per cent. of tricresol was added and the 
mixture was shaken and allowed to stand at room temperature for 
not less than twelve hours.  After further shaking the mixture was 
filtered through glass-wool  under pressure.  The  filtrate  Was  em- 
ployed in  the experiments detailed below;  it  was  freshly prepared 
from  time  to  time.  Three  cubic  centimeters  were  equivalent  to 
6 Cushing, loc. dr., pp.  13, 27. 
Through the courtesy of Dr.  Peyton  Rous,  of The Rockefeller Institute  for 
Medical  Research, we obtained  specimens  of his ZlSt generation  of  the Flexner- 
.]'obling tumor early in this year.  Dr.  Rc>us's tumor,  as  he informed us,  was  not 
then  metastasizing.  In  our  laboratory,  however,  ,the  first  generation  of  tremors 
propagated  from  this  specimen  metastasized,  and  succeeding  generations  have 
continued  to  do  so  (Burnett,  T.  C.,  Proc.  Soc.  Exper.  Biol.  and  Med.,  1913, 
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one cubic centimeter, i.  e., to approximately one gram of glandular 
tissue. 
EXPERIMENTAL. 
First  Series.--Eighty-five  white  rats  were  inoculated  in  the  axillary  region 
with peripheral  portions  of a  large,  rapid,ly  growing tumor  of our  2d generation 
from  Rous's 2Ist  generation.  After  22  days,  28  of  the  animals  (33  per  cent.) 
were  found to have well developed tumors.  These were  divided into two  batches 
of  14  each;  one  batch  was  retained  as  controls,  and  the  individuals  comprising 
the other  received,  on the 22d,  25th, 28th,  3oth, 32d,  and  34th  clays after  inocula- 
tion,  1.5  c.c.  each  of  pituitary  emulsion  (0.5  gm.  of  glandular  tissue)  injected 
directly into the tumor. 
The tumors were measured through the skin in two diameters at 
right angles to each other, on the dates enumerated below  (table I). 
The  mean of  the  longest  and  shortest  diameters  was  recorded as 
the average diameter of any given tumor, and the average of these 
estimates is regarded as the average diameter of the tumors in any 
given group of animals. 
The  average diameter  of  the  tumors  in  the  control  animals  on 
the 22d day after inoculation was  13. 9  millimeters; that of the ani- 
mals  reserved  for  treatment  was  14.1  millimeters.  Calling  these 
initial diameters in each group  IOO, and referring each of the sub- 
sequent measurements to  this  unit of comparison, we obtained  the 
following results. 
TABLE  I. 
Diameter of tumors in 
Dys. after  Diameter of tumors  animals  receiving pit- 
inoculation,  in controls,  uitary emulsion. 
22 ..........................  I00  .........................  I00 
25 ..........................  109  .........................  113 
28 ..........................  119  .........................  137 
30 ..........................  134  .........................  160 
32 ..........................  139  .........................  178 
34 ..........................  154  .........................  178 
37 ..........................  152  .........................  184 
These results are depicted graphically in text-figure I.  It will be 
seen that the administration of anterior lobe emulsion by injection 
directly into the tumors caused marked acceleration of the average 
growth of the primary tumors,  their rate of growth after two ad- 
ministrations  being no  less  than  double  that  of the tumors  in  the 
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growth of all the tumors,  the  acceleration was most marked  in the 
relatively small  tumors,  with the  result that  after  two or three  ad- 
ministrations  the  treated  tumors  were  all  large,  while  the  control 
tumors  were less  uniform  in  size,  some  being  relatively  large  and 
others  relatively  small.  Thus  on  the  32d  day,  that  is,  after  four 
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TExT-FIG.  I.  Comparative  growth  of  untreated  tumors  and  tumors  treated 
with  pituitary  (anterior lobe)  emulsion. 
administrations  of  anterior  lobe emulsion  spread  over  IO  days,  50 
per  cent.  of  the  control  tumors  measured  under  2o  millimeters  in 
diameter,  while only 2, or 14 per cent., of the treated tumors meas- 
ured  2o millimeters  in  diameter,  and  none  were smaller  than  this. 
The  proportion  of tumors  measuring  25  millimeters  or  over  was, 
however,  the  same  in  both  groups,  namely  43  per  cent.,  although 
the  average  diameter  of these  large  tumors  was  31  millimeters  in 
the treated group and only 28 millimeters  in the control group. 
On the 37th day all the animals were killed and the viscera exam- 
ined for metastases.  Three,  or 2I  per cent., of the  control animals 
were found to have developed metastases, while none of the treated 
animals  had  done  so.  It  appears  evident,  therefore,  that  adminis- 284  Influence of Pituitary Body upon Growth of Carcinomata. 
trations  of the anterior lobe  of the pituitary body do not enhance 
the tendency of carcinomata to  form metastases. 
Second  Series.--In the above experiments  the pituitary  emulsion  was  injected 
directly into  the tumors.  Fearing  that  the  local  conditions  created  by  this  pro- 
cedure  might  have  been  responsible  for  the  results  o,btained,  we  undertook  a 
second  series of experiments. 
Sixty white rats  were  inoculated  in .the  right  axillary  region with  peripheral 
portions  of  a  large  tumor  of  our 2d  generation  from  Rous's  2ISt.  These  were 
then  divided into  two  lots.  Eighteen  animals  received  1.5  c.c.  each  of  an.terior 
lobe emulsion  (o.5  gm. of glandular  tissue)  on the 7th,  9th,  IIth,  I4th,  I6th,  and 
I9th  days  after  inoculation,  the  emulsion  being  injected  in,to  the  left  axillary 
region.  The  remaining  42  animals  received no  treatment  of  any  kind  until  the 
2ist day after inoculation, when all the tumors were measured  and the percentage 
of takes was  determined. 
Of the I8 treated rats,  16,  or  8 9  per cent.,  had developed tumors. 
Of  the 42  rats  not  hitherto treated,  35,  or  8I  per  cent.,  had  de- 
veloped tumors.  The average diameter of the tumors in the treated 
group  was  I7. 9  millimeters,  while  the  average  diameter  of  the 
tumors in  the untreated group  was  I7.2  millimeters.  There was, 
therefore, no marked acceleration of the tumor growth or increase 
in  the percentage of  takes  consequent upon the  administration of 
the pituitary emulsion up to the 2ISt day after inoculation.  The ad- 
ministration of the emulsion to the animals hitherto treated was now 
discontinued, and  34  of  the  animals  which had  not  been  hitherto 
treated and which had developed tumors were divided into two lots 
of I7 each.  One batch of animals was reserved as controls and not 
treated in any way; the other received 1.5 cubic centimeters of emul- 
sion  (o.5 of a gram of glandular tissue) in the left axillary region on 
the 2ISt, 23d, 25th, and 28th days after inoculation.  All the tumors 
were measured on these dates and also on the 3oth day after inocu- 
lation.  The diameter of the tumors on the 2Ist day in the control 
animals was  I6.4 millimeters, in the  formerly treated animals  17. 9 
millimeters,  and  in  the  animals  treated  subsequent  to  that  date 
IS.I  millimeters.  The  relative  growth  of  these  three  groups 'of 
tumors  is  shown  in  table  II  and  is  depicted  graphically  in  text- 
figure 2. 
As  in  the  previous  experiment,  the  administration  of  anterior 
lobe emulsion produced a marked acceleration of the growth of the 
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administration.  In this experiment, however, the accelerative  effect 
was not  long continued and  disappeared  after  the  fourth adminis- 
tration on the 3oth day after inoculation.  It is of especial interest 
to  observe  that  although  the  repeated  administration  of  the  pitui- 
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TExT-FIG.  2.  Comparative  growth  of u~treated  tumors  and of tumors  treated 
with  pituitary  (anterior  lobe)  emulsion  before  and  after  the  twentieth  day 
following  inoculation. 
tary emulsion prior to the 2Ist day after inoculation did not appear 
to influence the growth of the tumor in any notable way, yet some 
influence  had  been  exerted,  or  else  the  active  agent  of  the  gland 
persists  in  the  body  for  a  considerable  time  after  administration, 
for  the  previously  treated  tumors  grow  as  rapidly as  the  treated 
tumors  from the 2Ist to the 25th days;  that is to say,  for a period 
of 6  days after the discontinuance of the treatments. 
TABLE II. 
Dye. after 
inoculation. 
2I 
23 
25 
28 
30 
Diameter of tumors in animals 
Diameter of tumors  receiving  pituitary emulsion 
in controls,  prior to the 2zst dy. after 
inoculation. 
I00  I00 
IO6  II 3 
II2  123 
I38  I32 
ISI  14o 
Diameter of tumors in animals 
receiving pituitary emulsion 
upon and subsequent to the 
2zst dy. after inoculation. 
I00 
112 
:{24 
j  I43 
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On the 3oth day after inoculation all the animals were killed and 
the  viscera  examined  for  metastases.  Three  animals  among  the 
controls were found to have developed metastases, and two animals 
in each of the treated batches.  No evidence was therefore afforded 
of  any effect of the pituitary emulsion upon  the  tendency of  the 
tumors to form metastases. 
CONTROL  EXPERIMENT  WITH  LIVER  EMULSION. 
The  above  results  appeared  to  justify  the  conclusion  that  the 
hypodermic administration  of  pituitary  (anterior  lobe)  emulsion 
to  rats  markedly accelerates the growth of carcinoma, at  least  of 
the  primary tumors.  We  feared, however, that  this  result  might 
merely be attributable to the administration of tissue emulsion, or 
to the tricresol employed as the sterilizing agent, and not especially 
to the employment of pituitary tissue.  Accordingly we carried out 
a  series of experiments in which an emulsion of ox liver was em- 
ployed instead of an emulsion of pituitary gland.  The liver emul- 
sion was prepared in exactly the same way as the pituitary emul- 
sion had been prepared. 
Fifty-five white rats were inoculated with portions of a  tumor taken from one 
of  the  c~ntrols  in  the  preceding  experiment;  that  is,  from  our  3d  generation 
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TExT-FIG.  3.  Comparative  growth  of  untreated  tumors  and  of  tumors  treated 
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propagated  from  Rous's  2Ist  generation.  On  the  2Ist  day  after  inoculation  it 
was  found that 34 animals  had  developed  small tumors.  These were  divided  into 
two  batches  of  17  each.  One  batch  received  1.5  c.c.  of  liver  emulsion  (o.5  gin. 
of  glandular  tissue)  in the  axillary  region  opposite  to the  tumor  on  the 2Ist,  23d, 
25th,  28th,  3oth,  and  32d  days  following  inoculation.  The  tumors  were  measured 
on the  same  days.  The  average  diameter  of  the  control  tumors  on  the  2ISt  day 
was 8.2  mm.,  that of the treated  tumors  was 7.4 mm.  The  relative growth  of the 
control  and  treated tumors  is shown  in table III  and  text-figure  3. 
TABLE  III. 
Diameter  of  tumors  in 
Dys. after  Diameter of tumors  animals receiving 
inoculation,  in controls,  liver  emulsion.  '~ 
2I ..........................  I00  .........................  IOO 
23 ..........................  II5  .........................  109 
25 ..........................  120  .........................  I26 
28 ..........................  128  .........................  127 
30 ..........................  14o  .........................  132 
32 ..........................  149  .........................  141 
35 ..........................  173  .........................  155 
It  is  evident  that  liver  emulsion  exerts  no  accelerative  action 
whatever  upon  the  growth  of  carcinoma;  indeed  a  slight  retarda- 
tion is evident at certain stages.  From experiments which we have 
carried  out,  the  results  of which  have  not  yet  been  published,  we 
are inclined to believe that this retardation may have been attribut- 
able to the bile salts  contained  in the liver extract,  as  we have  ob- 
served  that  bile  salts  exert  a  slightly  retarding  action  upon  the 
growth of carcinomata  in rats. 
CONCLUSIONS. 
I.  The  administration  of emulsions  of  the  anterior  lobe  of  the 
ox  pituitary  increases  very  markedly  the  rate  of  growth  of  the 
primary  tumor in rats  inoculated with carcinoma.  The  growth of 
,small  tumors  is  accelerated  relatively  more  than  tlaat of  large 
tumors. 
2.  This  acceleration  is  only  evidenced,  however,  at  a  certain 
stage  in the growth of the tumor,  subsequent  t  o  the twentieth day 
succeeding  inoculation.  The  administrations  do  not  enhance  the 
tendency  of the tumors  to metastasize. 
3-  Liver  emulsion  does  not  cause  an  acceleration  of the  growth 
of carcinomata  in rats. 